ABSTRACT Multi-band photometric and multi-object spectroscopic surveys of merging galaxy clusters allow for the characterization of the distributions of constituent dark matter and galaxy populations, constraints on the dynamics of the merging subclusters, and an understanding of galaxy evolution of member galaxies. We present deep photometric observations from Subaru/SuprimeCam and a catalog of ∼5400 spectroscopic cluster members from Keck/DEIMOS across 29 merging galaxy clusters ranging in redshift from z = 0.07 to 0.55. The ensemble is compiled based on the presence of radio relics, which highlight cluster scale collisionless shocks in the intra-cluster medium. Together with the spectroscopic and photometric information, the velocities, timescales, and geometries of the respective merging events may be tightly constrained. In this preliminary analysis, the velocity distributions of 28 of the 29 clusters are shown to be well fit by single Gaussians. This indicates that radio relic mergers largely occur transverse to the line of sight and/or near apocenter. In this paper, we present our optical and spectroscopic surveys, preliminary results, and a discussion of the value of radio relic mergers for developing accurate dynamical models of each system.
INTRODUCTION
Merging galaxy clusters have been established as fruitful astrophysical laboratories. In particular, 'dissociative mergers' (Dawson et al. 2012) , where two galaxy clusters have collided and the effectively collisionless galaxies and dark matter have become dissociated from the collisional ICM which collides and slows during the merger, are a particularly interesting subclass of mergers. They have been used to place tight constraints on the dark matter self-interaction cross-section (DM; e.g., Clowe et al. 2006; Randall et al. 2008) , understand fundamental particle/plasma physics associated with the intra-cluster medium (ICM; e.g., Blandford & Eichler 1987; Markevitch et al. 2002; Brunetti & Jones 2014; van Weeren et al. 2017) , and merger related galaxy evolution (e.g., Miller & Owen 2003; Poggianti et al. 2004; Chung et al. 2009; Stroe et al. 2014 Stroe et al. , 2017 Mansheim et al. 2017a,b) . These studies have allowed for new and broader understanding of the content, distribution, and interactions between and within each component. These studies are complicated by: the complexity of the merger properties (mass, dynamics, etc.) , the range of disparate observations necessary to form a synoptic understanding of any one merger, and the limited sample size of dissociative mergers to study.
Mergers are complex physical phenomena, where dynamical parameters such as the merger speed at pericenter, the elapsed time since pericenter, and the merger geometry are typically unknown. This leaves a vast volume of parameter space that must be considered in any subsequent analysis to properly propagate uncertainty (e.g., Lage & Farrar 2015) . The volume of parameter space that must be explored can be shrunk by studying the separate components of the merger as a whole (e.g., Dawson 2013; Ng et al. 2015; Golovich et al. 2016) .
Observationally, each component of a merger is probed differently. The DM must be inferred using gravitational lensing techniques that necessitate deep photometric images (see Bartelmann & Schneider 2001; Hoekstra 2013 , for a review). The ICM is hot (∼ several keV) and emits thermal bremsstrahlung X-rays (e.g., Cavaliere & Fusco-Femiano 1976) which may be observed spatially and spectroscopically with modern X-ray observatories in orbit. Non-thermal emission from the ICM may be observed with radio telescopes, which reveals complex microphysics of particle acceleration and turbulence (see e.g., Brunetti et al. 2008 ). The galaxies may be observed photometrically and spectroscopically. Photometry in multiple bands allow for semi-precise photometric redshift estimates (see e.g., Benítez 2000; Bolzonella et al. 2000) and red sequence selection of cluster members (e.g., Kodama & Arimoto 1997) . Spectroscopic observations, on the other hand, allow for precise redshift estimation, but these observations are much more expensive and usually result in incomplete surveys of member galaxies. Spectroscopy may also be used to study the effects of the cluster environment on the constituent galaxies via line ratios (e.g., Baldwin et al. 1981) including AGN and star formation rate studies (e.g., Moore et al. 1996; Miller & Owen 2003; Stroe et al. 2014; Sobral et al. 2015) .
Circa 2012 all dissociative mergers were identified and confirmed using an array of the aforementioned observations. Collecting and analyzing this array of observations was resource intensive, which in large part is the reason for the small sample of dissociative mergers (see Dawson et al. 2012 , for a list of the eight known dissociative mergers circa 2012). In recent years, we have implemented new technique of quickly identifying dissociative merging galaxy clusters via detection of enhanced, diffuse radio emission has become fruitful. Radio relics and radio halos appear in radio images between ∼100 MHz and several GHz as Mpc-scale, diffuse radio features. They are thought to trace synchrotron emission from electrons interacting with shocks and turbulent motion (e.g., Brunetti et al. 2008; Feretti et al. 2012) , and thus should be associated with dissociative mergers. Magneto-hydrodynamical simulations of cluster mergers confirm this, and can reporduce key features of radio relics (e.g., Skillman et al. 2013; Vazza et al. 2016) . Because radio relic selection of dissociative mergers can be done with a single band wide field survey, while maintaining a high purity (as demonstrated in this paper), it is more economical compared to previous multi-probe selection methods.
Spectroscopic and photometric observations of the galaxies of merging subclusters allow for estimation of the dynamical properties of individual merging systems. We have demonstrated this with a series of studies of individual merger systems (CIZA J2242.8+5301, El Gordo, MACS J1149.5+2223, ZwCl 0008.8+5215, Abell 3411, and ZwCl 2341.1+0000 presented in Dawson et al. 2015; Ng et al. 2015; Golovich et al. 2016 Golovich et al. , 2017 van Weeren et al. 2017; Benson et al. 2017, respectively) . The dynamical models of individual clusters greatly reduce the vast parameter space that simulators must explore to reproduce underlying astrophysics. The presence of radio relics in each of these systems has been shown to greatly improve the precision of dynamical models (Ng et al. 2015; Golovich et al. 2016 Golovich et al. , 2017 , and direct study of the underlying shock and radio relics have yielded insight into particle acceleration models (e.g., Brunetti & Jones 2014; van Weeren et al. 2017) .
In this paper, we outline our photometric and spectroscopic observations of an ensemble of 29 radio relic mergers. In §2 we describe the construction of the ensemble of 29 merging systems. In §3 we detail our photometric and spectroscopic observational campaign including the technical details of the observations, data reduction, and data processing. We compile and analyze the redshift global redshift distributions of each system in §4, and we discuss the implications of radio selection and offer conclusions in §5.
We assume a flat ΛCDM universe with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7. AB magnitudes are utilized throughout, and all distances are proper.
RADIO RELIC SAMPLE
Constraints on the dark matter self-interaction crosssection is one of the driving science cases for this survey. A radio relic selection has a number of potential advantages for this science case over other selection methods:
(1) it guarantees against the selection of pre-pericentric systems since the presence of a radio relic indicates a shockwave traveling in the ICM due to a major merger; (2) it will disfavor the very youngest post-pericentric systems, which have not had time to generate radio relics, and where the offset between the effectively collisionless galaxies and potentially self-interacting dark matter has not had a chance to increase to a potential maximal offset (Kahlhoefer et al. 2014) ; (3) it is biased towards selecting mergers in the plane of the sky where any observable offset between the galaxies, dark matter, and ICM will be maximized (this is also important for other astrophysical studies) (Ensslin et al. 1998); and, (4) as noted in §1, a large sample of dissociative mergers can be prudently compiled.
The first detection of a radio relic in a merging galaxy cluster was in the Coma Cluster (Ballarati et al. 1981) . Radio relics were subsequently discovered individually through pointed observations of known merging systems. In the last decade, searches of wide-area radio surveys have increased the rate of detection (e.g., van Weeren et al. 2011a) . Several potential radio relics were discovered through comparisons of radio surveys with the ROSAT All-Sky Survey catalogs (RASS: Voges et al. 1999) . Follow up of these objects resulted in several discoveries (van Weeren et al. 2009b (van Weeren et al. ,a, 2010 (van Weeren et al. , 2011b (van Weeren et al. , 2012b (van Weeren et al. ,a, 2013 . Our sample begins with these radio relics, along with additional radio relics known by September 2011 listed in Table 3 of Feretti et al. (2012) . Each of these clusters contain low surface brightness, steep-spectrum, polarized, and extended radio sources that lie at the periphery of the cluster (for individual observational papers see references therein). Relics classified as having a round morphology were discarded since they are likely radio phoenixes rather than Mpc scale cluster shocks. Radio phoenixes are generally associated with aged radio galaxy lobes that are re-energized through compression or other mechanisms (e.g., de Gasperin et al. 2015b ). We imposed cuts designed to enable spectroscopic and weak lensing followup. Systems at very low redshift are not efficient lenses, so we eliminate clusters at z < 0.07. We also eliminate systems not observable from the Mauna Kea observatories (δ < −31
• ) from which we were awarded observational time. To this list, we added three additional radio relic systems that have appeared in the literature and pass the same selection criteria (MACS J1149.5+2223, PSZ1 G108.18-11.5 and ZwCl 1856+6616, hereafter MACSJ1149, PSZ1G108 and ZwCl1856, respectively: Bonafede et al. 2012; de Gasperin et al. 2014 de Gasperin et al. , 2015a . Finally, we added one of the radio phoenix relics (Abell 2443, hereafter A2443) to our spectroscopic survey due to a gap in an observing run. In total, our sample contains 29 systems listed in Table 1 .
The sample is predominantly composed of low redshift (∼0.1-0.3) clusters due to radio relics typically being discovered in wide, shallow surveys (e.g. NVSS: Condon al. 1998 ). This is a reasonable redshift range for lensing follow-up, and also has the advantage of mapping given physical separations to substantial angular separations for spatial analysis of cluster components. The radio selection strategy brings challenges in terms of obtaining spectroscopy and lensing followup. Because radio surveys have gone right through the galactic plane, many of the systems suffer more extinction than is typical in visible-wavelength surveys. The all sky galactic dust extinction map is presented in Figure 1 with all 29 systems in our sample. The most extreme example is CIZAJ2242 with A V ≈ 1.4 (the approximation sign emphasizes that the extinction varies over the field; Schlegel et al. 1998) . Dawson et al. (2015) describes the success of the position-dependent extinction corrections applied to that system in terms of yielding uniform color selection of cluster members, and Jee et al. (2015) demonstrates that weak lensing can be efficiently measured despite the extinction. The low galactic latitude also affected the spectroscopy not only through extinction but also by causing more slits to be wasted on stars. A contributing factor in some cases was the poor quality of imaging available at the time of slit mask design. Blended binary stars were not rejected in morphological cuts, and constituted a substantial contamination. The next most extincted systems in the sample are A2163 and ZwCl0008, for which A V ∼ 0.8. We therefore expect the lensing and galaxy analyses of most of the systems in this sample to exceed the quality of those for CIZAJ2242. We have corrected our photometry for extinction throughout.
The resulting 29 systems are listed in Table 1 . For each system, the following milestones are to be achieved for each cluster:
• Observations including spectroscopic, ground based wide field photometric, space based pointed photometric, X-ray and radio
• Optical analysis to estimate the number and location of subclusters
• Redshift analysis to estimate line of sight velocity information of subclusters
• X-ray and radio analysis of shocks and radio relics including polarization measurements
• Weak lensing analysis to find location and mass of subclusters
• Dynamical analysis
In this paper, we will discuss the spectroscopic and wide-field optical observations for our sample of 29 merging clusters. These will ultimately result in two of the three primary inputs for the dynamics analysis as well as classify the mergers by their complexity and reasonability to probe astrophysical hypotheses including merging induced galaxy evolution, particle acceleration at cluster shocks, merger induced turbulence, and selfinteracting dark matter models. The remaining goals will be achieved in follow up papers utilizing the data presented here. Figure 1 . Galactic dust extinction map (Schlegel et al. 1998 ) with overlaid positions of the 29 systems in our sample.
OPTICAL IMAGING AND SPECTROSCOPIC OBSERVATIONAL CAMPAIGN
3.1. Survey Goals and Requirements The goal of the optical imaging survey is to obtain lensing quality, wide-field imaging in at least two photometric bands. The two filters are chosen to straddle the 4000Å break in order to select cluster members photometrically via red sequence relations. Furthermore, our weak lensing method makes use of these red sequence relations in order to select background galaxies for lensing studies (Jee et al. , 2016 Golovich et al. 2017) . Additionally, for clusters that our SuprimeCam observations came before our DEIMOS observations, we made use of the SuprimeCam images for spectroscopic target selection (see §3.3.1). Many clusters have archival imaging that we have obtained. We observed 18 systems with Subaru/SuprimeCam to complete the photometric survey.
The spectroscopic survey has a goal of obtaining ∼ 200 member galaxy velocities in each system. We used redshifts from the literature when available in order to reduce the amount of new observations required. When obtaining new spectra, we designed observations to also meet the goal of enabling studies of recent star formation and ultimately the link between mergers and star formation. We achieve this by adjusting the observed wavelength range for each cluster to the emitted wavelength range from Hβ to Hα for clusters with z 0.3 and [O II] to [O III] for clusters with z 0.3. The data available for star formation studies therefore varies from cluster to cluster depending on the number of previously published redshifts and the redshift of the cluster. Additional observations were required for 18 systems with many having no more than a handful of previously published member redshifts. In the following subsections we will detail the targeting, observing, and data reductions of our optical and spectroscopic surveys.
Subaru/SuprimeCam Observations
We observed 18 clusters over four nights using the 80 Megapixel SuprimeCam (Miyazaki et al. 2002 ) camera on the Subaru Telescope on Mauna Kea. Table 2 summarizes these observations. The basic strategy is to achieve weak lensing quality in one filter and obtain a second filter to define the color of detected objects by straddling the 4000Å break. For the lensing quality image, the exposure time was 2880 s (8×360 s) and we rotated the field between each exposure by 15
• in order to distribute the bleeding trails and diffraction spikes from bright stars azimuthally to be later removed by median-stacking. This scheme enabled us to maximize the number of detected galaxies, especially for background source galaxies for weak lensing near stellar halos or diffraction spikes. In the second and third filters (g and/or i), the exposure time was 720 s (4×180 s). These exposures were rotated by 30
• from exposure to exposure for the same reason as above. In order to efficiently fill the time of each observing night, we added a third band to several clusters. The actual observing times may vary due to real-time changes to the observational plan due to unexpected lost time.
Archival Subaru/SuprimeCam imaging was downloaded from the SMOKA data archive (Baba et al. 2002) , and is detailed in Table 3 . We note that the observational strategy for the archival data did not prescribe rotating between exposures, so diffraction spikes and bleeding trails are present. Also, we did not make use of the full set of archival images for these clusters since we only required two bands of imaging in order to define the color and complete a color-magnitude selection. We utilized the deepest images available that satisfy this requirement ensuring good seeing conditions.
Subaru/SuprimeCam: Data Reduction
The CCD processing (overscan subtraction, flatfielding, bias correction, initial geometric distortion rectification, etc) were carried out with the SDFRED2 package (Ouchi et al. 2004) . Much of the archival data required the first version of this pipeline (SDFRED1: Yagi et al. 2002) . We refine the geometric distortion and World Coordinate System (WCS) information using the SCAMP software (Bertin 2006) . The Two Micron All Sky Survey (Skrutskie et al. 2006, 2MASS; ) catalog was selected as a reference when the SCAMP software was run except for clusters covered by the Sloan Digital Sky Survey (SDSS Adelman-McCarthy et al. 2007 ), for which the Data Release 5 catalogs were used. We also rely on SCAMP to calibrate out the sensitivity variations across different frames. For image stacking, we ran the SWARP software (Bertin et al. 2002) using the SCAMP result as input. We first created median mosaic images and then used it to mask out pixels (3σ outliers) in individual frames. These masked frames were weight-averaged to generate the final mosaic, which is used for the scientific analyses hereafter. Two example images are presented in Figure 2 .
Subaru/SuprimeCam: Photometric Catalog Generation
Object detection is achieved with Source Extractor (Bertin & Arnouts 1996) in dual image mode using the deepest image for detection. The blending threshold parameter BLEND-NTHRESH is set to 32 with a minimal contact DEBLEND MINCONT of 10 −4 . We employ reddening values from Schlafly & Finkbeiner (2011) to correct for dust extinction, which are listed in Tables 2 and 3 . Zero points were transferred from SDSS for the overlapping clusters and transferred to the clusters outside the SDSS footprint observed on the same night with SuprimeCam accounting for atmospheric extinction related to the airmass differences of our observations. Atmospheric extinction values for Mauna Kea were taken from Buton et al. (2013) .
Since the sample has relatively low redshift, it is expected for cluster members to have high S/N and correspondingly good photometry. We enforce that potential cluster member objects have uncertainties in their magnitudes of less than 0.5 magnitudes, and we remove all objects brighter than the BCG, which we have identified spectroscopically in each cluster. These cuts eliminate most bright foreground galaxies and stars as well as false detections at extremely faint magnitudes. Only objects within R 200 (as determined from our redshift analysis and scaling relations Evrard et al. 2008; Duffy et al. 2008) of the center of the cluster are retained. This limits the vignetting of the edges as well as removes spurious detections near the edge of the field.
Keck/DEIMOS Observations
We conducted a spectroscopic survey utilizing the DEIMOS multi-object spectrograph (Faber et al. 2003) Figure 3 for a galaxy observed in CIZAJ2242. The actual wavelength coverage may be shifted by ∼ ±400Å depending where the slit is located along the width of the slit mask. This spectral setup enables us to also study the star formation properties of the cluster galaxies; see related work by Sobral et al. (2015) . • to 30
• of the slit mask PA to achieve optimal sky subtraction during reduction with the DEEP2 version of the spec2d package (Newman et al. 2013) . In general, for each mask we took three ∼900 s exposures except for a few cases where a few extra minutes at the end of the night were spent on an individual mask or when weather altered our observation plans in the middle of the night. In total, 54 slit masks were observed with a total of ∼7000 slits over the course of the spectroscopic survey.
Keck/DEIMOS: Target Selection
Our primary objective for the spectroscopic survey was to maximize the number of cluster member spectroscopic redshifts in order to detect merging substructure within R 200 . For each slit mask, the best imaging data available were utilized. For one third of the clusters this was our own SuprimeCam imaging from our simultaneous wide field imaging survey (see §3.2). In the cases where this was unavailable at the time of our spectroscopic survey planning, we used the next best imaging at our disposal. SDSS Data Release 5 catalogs were utilized (AdelmanMcCarthy et al. 2007 ) for ten of the clusters, and for six of the clusters, this was INT WFC data presented in (van Weeren et al. 2011c) . For the remaining two clusters, Digitized Sky Survey (DSS: Djorgovski et al. 1992) imaging was utilized. For all imaging except the SDSS data, for which a photometric redshift selection was employed, a red sequence technique was utilized to select likely cluster members to create a galaxy number density map. The slit masks were then oriented to maximize the number of cluster members in the high red sequence density regions. Priors from the literature were also utilized in the placement of slit masks (e.g. lensing maps, X-ray surface brightness, radio relics, etc).
The DEIMOS 5 ×16.7 field-of-view (FOV) is very well suited to survey the low-z, elongated merging systems in our sample. In most cases, we aligned the long axis of our slit masks with the long axis of the system. The success of star-galaxy separation in our targeting data was variable and depended on the seeing of the imag- . A2061 is displayed using our g, r, and i band images while A2744 is displayed using archival B, R, and Z images. Note that the i-band image for A2061 and the Z-band image for A2744 were used only to make these true-color images. These images were combined using the trilogy software (Coe et al. 2012 ).
ing; thus, several of our slit masks were highly contaminated with stars. For example, for CIZAJ2242, which sits near the plane of the galaxy, has a stellar density nearly three times that of cluster members. When selecting targets, we divided our potential targets into a bright red sequence sample (Sample 1; r <22.5) and a faint red sequence sample (Sample 2; 22.5< r <23.5).
We first filled our mask with as many Sample 1 targets as possible, then filled in the remainder of the mask with Sample 2 targets. While we preferentially targeted likely red sequence cluster members it was not always possible to fill the entire mask with these galaxies, in which case we would place a slit on bright blue cloud galaxies in the field. For the SDSS targeted galaxies, we selected from galaxies satisfying z phot within ±0.05(1+z cluster ) of the cluster redshift and prioritized bright galaxies with a luminosity weighted selection. In these cases, Sample 2 was composed of any other bright objects outside the photometric selection. We used the DSIMULATOR package 12 to design each slit mask. DSIMULATOR automatically selects targets by maximizing the sum total weights of target candidates, by first selecting as many objects from Sample 1 as possible then filling in the remaining area of the slit mask with target candidates from Sample 2. We manually edited the automated target selection to increase the number of selected targets, e.g. by selecting another target between targets selected automatically by DSIMU-LATOR if the loss of sky coverage was acceptably small.
Keck/DEIMOS: Data Reduction
The exposures for each mask were combined using the DEEP2 versions of the spec2d and spec1d packages (Newman et al. 2012 ). This package combines the individual exposures of the slit mosaic and performs wavelength calibration, cosmic ray removal and sky subtraction on slit-by-slit basis, generating a processed two-dimensional spectrum for each slit. The spec2d pipeline also generates a processed one-dimensional spectrum for each slit. This extraction creates a one-dimensional spectrum of Dawson et al. (2015) . Example spectral coverage of the Keck/DEIMOS observations (shaded blue region) for a low redshift (z ≤ 0.3) cluster, along with the redshifted location of common cluster emission and absorption features (black dashed lines). The blue dot-dash pair and the blue dashed pair of lines show the variable range depending on where the slit was located along the width of the slit mask. The solid black line shows an example galaxy spectrum from our DEIMOS survey. the target, containing the summed flux at each wavelength in an optimized window. The spec1d pipeline then fits template spectral energy distributions (SED's) to each one-dimensional spectrum and estimates a corresponding redshift. There are SED templates for various types of stars, galaxies, and active galactic nuclei. We then visually inspect the fits using the zspec software package (Newman et al. 2013 ), assign quality rankings to each fit (following a convention closely related to Newman et al. 2013) , and manually fit for redshifts where the automated pipeline failed to identify the correct fit. The highest quality galaxy spectra (Q=4) have a mean signal-to-noise-ratio (SNR) of 10.7 per pixel, while the minimum quality galaxy spectra used on our redshift analysis (Q=3) have a mean SNR of 4.9 per pixel. Note that the SNR estimates are dominated by the continuum of a spectroscopic trace and an emission line galaxy may be of high quality but very low mean SNR (for example the mean SNR of a Q=4 emission line galaxy is 1.2 despite detection of Hα and Hβ or [O III] in most cases). An example of one of the reduced spectra is reprinted from Figure 2 of Dawson et al. (2015) in Figure 3 and more are shown in a related galaxy evolution paper Sobral et al. (2015) .
In Table A .1, we present ∼5800 high quality galaxies and stars from our spectroscopic survey along with matched photometry from our photometric survey.
Archival Spectroscopy
To augment our spectroscopic survey, we completed a detailed literature review of published spectroscopic redshifts of cluster members for the 29 systems in the ensemble. We compiled spectroscopic galaxies in each field using using the NASA/IPAC Extragalactic Database 13 (NED). For each system we considered galaxies within 5 Mpc of the cluster center and within ±10,000 km s −1 of the mean cluster redshift to be sufficiently plausible members. Many galaxies published in the literature also appear in NED, so we cross matched and eliminated duplicate galaxies and prioritized originally published galaxies over NED matches.
We combine all known redshifts (from NED, the literature, and our DEIMOS survey) in the cluster fields and check for duplicates using the Topcat (Taylor 2005) software using the sky function with a 1 tolerance. These combined catalogs of unique spectroscopically confirmed objects are studied in §4. In Table 5 , the numbers of spectroscopic redshifts from the literature review and DEIMOS survey are reported.
REDSHIFT ANALYSIS
In this section we describe the process of selecting spectroscopic cluster members from our combined redshift catalogs (see Table 4 and 5).
Spectroscopic Catalog Generation
We cut each spectroscopic catalog to only include objects within R 200 in projected space and to withinv±3σ v , wherev is the average line of sight velocity and σ v is the cluster velocity dispersion. This is accomplished with an iterative process starting with 5 Mpc and 10,000 km s −1 and shrinking the radius and velocity window until an equilibrium catalog is achieved. This reduces the chance of inclusion of galaxies that are uninvolved in the merger. An instructive example is Abell 2061, where Abell 2067 is ∼ 2.7 Mpc (30 ) to the northeast and at a similar redshift, but uninvolved in the merger. The iterative shrinking aperture was able to eliminate galaxies from A2067 from the redshift catalog despite being at a similar redshift because it is outside of R 200 . A second example is Abell 523 (z ∼ 0.1), which has two background groups at z ∼ 0.14 within R 200 in projection (Girardi et al. 2016 ).
One Dimensional Redshift Analysis
We display the one dimensional redshift distribution for 1RXSJ0603 in Figure 4 . An analogous figure for the remaining 28 systems is presented the appendix. The corresponding normalized Gaussian distribution is overlaid with the cluster redshift and velocity dispersion given by the biweight and bias corrected 68% confidence intervals. We implement the biweight statistic based on 10,000 bootstrap samples of the member galaxies and calculate the bias-corrected 68% confidence limits for the redshift and velocity dispersion from the bootstrap sample. This method is more robust to outliers than the dispersion of the Gaussians generated by our statistical model (Beers et al. 1990) .
We test the goodness of fit of the corresponding Gaussian distribution using a Kolmogorov-Smirnov (KS) test. The results of this analysis is displayed in Figure 4 and in the Appendix for the other systems. We generally find good agreement between the spectroscopic data and single Gaussian distributions, which implies that the merging subclusters have line of sight velocity differences that are small compared to the velocity dispersion. The lowest p-value for the KS test is 0.007 for Abell 781, which is known to be composed of several subclusters with large velocity differences (Geller et al. 2005) . We also fit increasing numbers of Gaussians to the onedimensional redshift distributions of each cluster utilizing an expectation-maximization Gaussian mixture model (EM-GMM) method from the Sci-Kit Learn python module. We varied the number of Gaussians from one to seven for each cluster. A one Gaussian model was strongly preferred for 27 of the 29 clusters according to the Bayesian Information Criterion (BIC). For A3365, the one Gaussian model was only slightly favored over a two Gaussian model, and for A781, a two halo model was preferred strongly.
In a second paper (Golovich et al., in preperation) , we will study the three-dimensional distribution of galaxies.
DISCUSSION

Analysis of the Spectroscopic Survey
In §3.3.1 we discuss our methods of selecting targets for our spectroscopic survey. Because our photometric survey was ongoing during this process, we utilized the best available photometry for spectroscopic targeting (see Table 4 ). Here we analyze the success of the various targeting methods. Broadly, two distinct methods for selecting potential targets were implemented. For 21 of 54 slit masks, potential targets were identified via a photometric redshift selection based on SDSS photometric redshifts. For the remaining 33 of 54 slit masks, a red sequence selection was implemented; however, the quality of the imaging (seeing and depth) varied substantially depending on the source. In Table 4 , the spectra are broken down by individual slit mask, targeting method, imaging used for targeting, and redshift.
1RXSJ0603 z=0.22631±0.00038 v =1488±60 km s 1 N=242 Figure 4 . Redshift distribution for 1RXSJ0603 based on our DEIMOS spectroscopic survey. Galaxies are selected with a shrinking 3D aperture until a stable set of galaxies within R 200 and ±3σv is achieved. The global redshift analysis using the biweight statistic and bias corrected 68% confidence limits are presented in the panel. The p-value for a KS-test for Gaussianity is presented as well. The panel width is 12,000 km s −1 centered on the cluster redshift. Bins are 300 km s −1 at the cluster redshift. The analogous distributions for the other 28 systems in our sample are located in the appendix.
The biggest indication of the effect of the target imaging quality on the spectroscopic survey is with the fraction of targeted objects that yielded a secure redshift of a cluster member, which was our primary goal. In Table  6 , the ∼7000 targeted objects are broken down by the type of object detected. Across the survey, 77% of all targeted objects yielded a secure redshift estimate. Of these, 49% were cluster galaxies. The largest sources of contaminants were background galaxies (26%) and stars (18%).
Background galaxies detected at higher frequency with photometric redshift targeting. Detection of these objects also decreased with the redshift of the cluster. A substantial fraction of stars were detected in a few fields that had either sub-par imaging for target selection, or have low galactic latitude. The effect of imaging quality with regards to stellar contamination is evident in the five A3411 slit masks. The first four were observed using WFC targeting, and the fraction of stars increased for successive slit masks as the best member candidates were depleted by earlier masks. For the fifth slit mask, Subaru/SuprimeCam was utilized for targeting, and the fraction of stars decreased substantially. The trade off was a larger fraction of background galaxies, which is explained by the increased depth of the imaging. One benefit of the background galaxy redshift determination is for developing training sets for weak lensing source selection. Furthermore, gravitational lensing is complicated by massive structures along the line of sight, and over densities of background galaxies may help discover these types of massive background structures; however, the spectroscopic survey was not designed to detect such systems, so any detection will be serendipitous. Foreground galaxies accounted for only 6% of secure redshifts, and these were predominately detected in higher redshift cluster fields. Finally, 305 objects were detected serendipitously; i.e., a single slit had one or more traces in addition to the targeted object. These were predominately detected in low galactic latitude fields and were composed of stars; although, ∼50 cluster galaxies were detected in this manner across the survey.
Cluster Redshift Histograms
The presence of radio relics in merging galaxy clusters constitutes a strong prior for ongoing merging activity. Given this, these 29 merging clusters are expected to be composed of two or more subclusters. However, 28 of the 29 systems are well fit by a single Gaussian (p > 0.05). There are two potential explanations for this, which are not mutually exclusive: 1) radio relics indicate a merger occurring within the plane of the sky (transverse to the line of sight), and/or 2) radio relics indicate a merger observed near apocenter.
Based on the redshift results along, both scenarios are plausible. First, most of our relics were detected in shallow surveys, and the surface brightness is higher when the line of sight intersects a large fraction of the emission in three dimensions (Skillman et al. 2013) . Furthermore, detected radio relics have been shown to be highly polarized (e.g Govoni & Feretti 2004; Ferrari et al. 2008) , which correlates with a transverse viewing angle (Ensslin et al. 1998) . Second, radio relics occur for only a small fraction of the full merger phase, and it takes time for the radio relic to develop (see Figure 5 of Skillman et al. 2013 ). This may explain why the Bullet Cluster's bow shock is not coincident with a bright radio relic. Meanwhile, El Gordo contains radio relics, and it was shown to be returning from apocenter (Ng et al. 2015) . Thus, it is likely a combination of the two scenarios that explain the unimodal redshift distributions in 28 of 29 systems in the sample. However, recent magneto-hydrodynamical simulations suggest that explanation (1) is more likely for radio relic systems (Vazza et al. 2012; Wittor et al. 2017) The one outlier, A781, is known to be composed of multiple clusters at various redshifts (Geller et al. 2005) . The system is composed of two clusters in projection at z ∼ 0.3 and z ∼ 0.4. Here we studied the z ∼ 0.3 system, which is further split into two redshift peaks (see Figure B. 2). The radio relic is associated with the slightly higher redshift peak on the western side of the cluster. The lower redshift peak is associated with an infalling subcluster, which is yet to merge, based on the undisturbed X-ray surface brightness distribution (see Figure  1 of Sehgal et al. 2008 , where this subcluster is referred to as the Middle subcluster).
Potential Uses for These Data
The photometric data presented in this paper are sufficiently deep for detailed, wide field, weak gravitational lensing analyses of each cluster (see Bartelmann & Schneider 2001; Hoekstra 2013 , for a review). This will allow for the mapping of the total mass distribution of each system, as well as allow for mass estimation of each subcluster in a manner unbiased by the dynamical interaction of the merger (e.g., Jee et al. 2015 Jee et al. , 2016 . Both galaxy velocity dispersion based mass estimates assuming the system is virialized (Takizawa et al. 2010 ) and X-ray temperature or luminosity scaling relation based mass estimates assuming the cluster is in Table 6 Breakdown of detected objects for DEIMOS spectroscopic survey Slitmask % Secure % Stars % Cluster % Foreground % Background # Serendips 1RXSJ0603-1  88  14  59  3  11  14  1RXSJ0603-2  86  13  59  1  13  7  1RXSJ0603-3  88  11  64  2  10  15  1RXSJ0603-4  87  22  51  5  10  11  A115-1  78  7  48  9  15  2  A115-2  80  4  42  6  30  3  A523-1  82  2  49  3  27  10  A523-2  80  1  37  3  38  6  A523-3  83  5  34  1  43  5  A746-1  87  2  60  5  22  2  A1240-1  72  2  41  3  25 -1  74  18  49  2  4  12  CIZAJ2242-2  77  24  48  2  2  25  CIZAJ2242-3  79  36  29  7  8  23  CIZAJ2242-4  86  25  50  3  7  22  MACSJ1752-1  81  8  47  14  15  3  MACSJ1752-2  84  8  49  14  13  4  MACSJ1752-3  83  9  32  13  29  9  MACSJ1752-4  84  8  41  17  18  2  PLCKG287-1  69  0  47  23  7  1  PLCKG287-2  71  3  45  12  10  2  PLCKG287-3  41  3  18  12  8  0  PSZ1G108-1  75  53  14  6  2  2  PSZ1G108-2  85  73  8  2  2  2  RXCJ1053-1  72  0  17  2  53  2  RXCJ1053-2  89  7  38  0  44  0  RXCJ1053-3  77  1  27  1  46  1  RXCJ1314-1  79  4  45  6  24  3  RXCJ1314-2  64  0  27  4  32  3  ZwCl0008-1  74  6  53  0  14  5  ZwCl0008-2  79  23  38  0  16  10  ZwCl0008-3  77  23  32  0  23  14  ZwCl0008-4  89  27 -Percentages of stars, cluster members, foreground and background objects may not add to the total percentage of secure objects due to rounding. Column 1: cluster and slit mask number; Column 2: percentage of secure redshifts among targeted objects; Column 3-6: percentage of stars, cluster member galaxies, foreground galaxies, and background galaxies, respectively; Column 7: number of serendipitous detections. hydrostatic equilibrium (Zhang et al. 2010 ) overestimate the mass in merging systems; although, Takizawa et al. (2010) show that mergers along the line of sight are more strongly affected by this, and most strongly near core passage. Radio relic systems are typically observed ∼1 Gyr after pericentric passage (Ng et al. 2015; Golovich et al. 2016 Golovich et al. , 2017 van Weeren et al. 2017 ).
Since we took images with two photometric filters that straddle the 4000Å break, colors may be assigned to objects allowing color magnitude selection. This allows for selection of background galaxies for weak lensing as well as cluster members based on the red sequence technique (see Figure 5) .
The spectroscopic data contains the added information of line of sight motion, which allows for a pure catalog of cluster members. From this catalog, dynamical modeling of the mergers may be achieved. Merging clusters are efficient astrophysical laboratories for studying several phenomenon including particle acceleration, coolcore disruption, and potential self-interacting dark matter signals. Many of these are time and velocity dependent, which require accurate dynamical models to fully understand. Furthermore, these dynamical models are invaluable for simulators in the form of constrained initial conditions. Finally, the spectral quality from DEIMOS allows for analyses of merging induced star formation, galaxy evolution, and AGN activity (see e.g., Sobral et al. 2015) .
Summary
In this paper, we presented our observational strategy, reduction, and analysis of ∼20 hours of Subaru/SuprimeCam imaging of 29 merging galaxy clusters alongside our spectroscopic follow up of 7000 objects (54 slit masks) with Keck/DEIMOS. We presented ∼5800 new high quality galaxy and star spectra from our spectroscopic survey matched to the photometry from our Subaru/SurpimeCam survey in Table A.1. These data are combined with literature spectroscopy and SuprimeCam imaging, which resulted in ∼5400 cluster members in total across the 29 systems. A one dimensional redshift analysis showed that 28 of 29 of the systems are well fit by a single Gaussian distribution. This suggests the ongoing mergers are occurring either within the plane of the sky or are observed near apocenter (or a combination of the two factors). We analyzed the effect of different imaging sources and selection methods for targeting slits in our spectroscopic survey, and we discussed possible uses for this large data set of photometric and spectroscopic observations of galaxies within merging galaxy clusters.
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B. SPECTROSCOPIC REDSHIFT HISTOGRAMS
In §4 we compiled the spectroscopic cluster member catalogs using an iterative, shrinking three dimensional aperture method. The resulting galaxies were then fit with a one dimensional Gaussian with a biweight and bias-corrected confidence interval analysis. In Figure B .1, the 29 resulting Gaussians are presented to demonstrate the sample distribution of spectroscopic cluster members. The area of a given Gaussian is proportional to the population of galaxies in the respective cluster catalogs. Redshift distributions for 29 radio relic selected merging galaxy clusters. Gaussians are generated based on the biweight and bias-corrected 68% confidence interval from 10,000 bootstrap realizations of the spectroscopic catalog for each system. Gaussians are scaled to be proportional to the number of spectroscopic galaxies for each system.
In Figures B.2 , the analogous redshift distributions to that presented in Figure 4 for 1RXSJ0603 are presented for the remaining 28 systems.
